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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method of
manufacturing a ceramic object using a water-based ce-
ramic three-dimensional laminate material, and more
particularly relates to a method for three-dimensional
laminate formation.

DESCRIPTION OF THE PRIOR ART

[0002] Typically, in a conventional photocuring tech-
nology, commonly known as 3D printing technology, an
oil-based slurry is used. If the oil-based slurry is not di-
luted with a solvent, itis highly viscous and has a viscosity
greater than 10,000 cp, resulting in the disadvantages of
poor fluidity, difficulty in dispersion, and of remain of bub-
bles, etc. Hence, lamination of the conventional slurry is
difficult and is prone to produce defects in the object. The
slurry can not be easily spread flatly due to the high vis-
cosity. In order to uniformly spread the slurry, it is nec-
essary to use slurry rollers together with a scraper that
results in a complicated mechanism.

[0003] If the oil-based slurry is diluted with a solvent
for reduction of the viscosity of the slurry, in order to pro-
mote the volatilization efficiency, a highly volatile solvent
(such as methanol, which is often toxic and dangerous),
which has significant offensive odor, deteriorates the air
quality in the manufacturing environment and even
harms the health of the operators, has to be used.
[0004] During acuring process for each respective lay-
er, due to the characteristics of the slurry used, additional
support members are often required to support a body
formed of the slurry. In absence of the support members,
a body formed of the slurry would be easily broken or
deformed, and risk and cost of the process would be in-
creased. If the body is formed and solidified, it is usually
necessary to manually refine the surface appearance of
the body and to remove the uncured slurry by methanol
or other highly toxic solvents in a closed environment
after removing the supports members. The uncured slur-
ry cannot be recycled.

[0005] Cleaning the formed body is quite complicated
because the body must be soaked in an organic solvent
and then cleaned with the same. Aside from the annoying
odor whichwill be generated during the cleaning process,
when the solvents are inadvertently contacted with hu-
man skin, it may cause skin damage. If the operator in-
hales the excessive gas volatilized from the solvent for
a long time, the operator may feel discomfort, and even
the operator’s health would be affected. It is not easy to
clean the body made of the conventional slurry, so that
cleaning the body would take a lot of time and has to be
carried out carefully. If the body is not rinsed carefully,
the body may be damaged.

[0006] From documentUS 2010/0323301 A1 a meth-
od and an apparatus for fabricating 3D parts with slurry
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by selective laser sintering (SLS), a stereolithography
technique (SLA), are known. The slurry comprises at
least a polymer, an organic binder and a solvent. The
method comprises paving the slurry to form a sacrificial
layer, which is then dried to a solid state. The sacrificial
layer is soaked in a developer for being disintegrated.
After being irradiated with energy beam, the sacrificial
layer is transformed into a part layer which does not dis-
solve in developer. By repeating the above steps, a pre-
liminary 3D part surrounded by a sacrificial portion con-
stituted of a plurality of sacrificial layers without being
irradiated is obtained. The resultant 3D part is obtained
by separating the sacrificial portion from the preliminary
3D part. By processing inorganic component of the 3D
semi-product with high temperature densification sinter-
ing step, a final 3D part consisting of ceramic, metal or
ceramic-metal composite with a high strength is ob-
tained.

SUMMARY OF THE INVENTION

[0007] The main object of the present invention is to
provide a method of manufacturing a ceramic object us-
ing a water-based ceramic three-dimensional laminate
material, by which ceramic objects in an arbitrary shape
can be efficiently formed without using support members.
The unpleasant odor and the volatilization of the toxic
substances in the environment are greatly reduced dur-
ing the process. Hence, a safe, non-toxic process is pro-
vided, and a slurry recovery mechanism is further pro-
vided. As such, cleaning of the body can be performed
in a quite convenient, easy and fast way.

[0008] In order to achieve the above object, a method
for manufacturing the ceramic objects using a water-
based ceramic three-dimensional laminate material at
least comprises:

a step Sa of preparing a plurality of projected slice
graphics and a slurry, wherein the plurality of pro-
jected slice graphics are formed by slicing a three-
dimensional image of the object along a specific di-
rection with a specific thickness; the slurry is pre-
pared by mixing material powder, a photo-curable
resin, a solvent and an additive; the photo-curable
resin comprising at least one of a water-soluble resin
and a water-dispersible resin; the solvent being wa-
ter or mixed solvent comprising water and alcohols;
the additive at least comprising one of a dispersant,
a binder, and a plasticizer;

a step Sb of uniformly laying the slurry on a substrate
to form a sacrificial layer;

a step Sc of uniformly laying the slurry on the sacri-
ficial layer to form a reaction layer;

a step Sd of irradiating light beam to the reaction
layer by using one of the plurality of projected slice
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graphics, so that the slurry on the reaction layer is
cured by the irradiation of the light beam, the light
beam emitted from a light source is a visible light or
an ultraviolet light, and the light source is provided
above the substrate;

a step Se of repeating the steps Sc and Sd until form-
ing a ceramic body;

a step Sf of cleaning the ceramic body; and

a step Sg of sintering the ceramic body at a high
temperature to form the ceramic object, wherein

the material powder for preparing the slurry compris-
es at least one of aluminum oxide powder, zirconium
oxide powder, and glass ceramic powder and

the substrate is composed of a material or structure
having a water absorption rate of 5% or more.

[0009] Since the ceramic object is manufactured by
using a three-dimensional laminate layer manufacturing
technique, the type of the ceramic object is not limited.
For example, the ceramic object may be a dental crown,
an implant (such as a conical implant, an implant with a
prosthetic root, an implant with an abutment, etc.), and
a porcelain tooth with a crown and an implant formed
integrally. According to the present invention, support
members used in the conventional 3D printing are re-
placed with a sacrificial layer, and hence the procedure
for removing the support members after the body is
formed is not necessary. The invention adopts a water-
based material, which is environmentally friendly, safe,
non-toxic and more convenient to clean.

[0010] The present invention provides a method of
manufacturing a ceramic object by a three-dimensional
laminate manufacturing technique, wherein each of the
projected slice graphics includes a slice pattern of a 3D
ceramic object and at least one slurry recovery pattern;
a ceramic body being formed from the slice patterns, and
a recovery body being formed from the slurry recovery
patterns as described in the step Se; and the recovery
body is recovered in the step Sf. The recovery body after
being photocured facilitates recycling the slurry for reuse
without causing environmental pollution.

[0011] More preferably, the presentinvention provides
a method of manufacturing a ceramic object by a three-
dimensional laminate manufacturing technique, wherein
in the step Sf, water or an organic solvent at a tempera-
ture of 25t0 50° C is used for cleaning, thereby shortening
the time necessary for cleaning the ceramic body. The
substrate of the present invention is composed of a ma-
terial or structure having a water absorption rate of 5%
ormore. Water or other solvent in the sacrificial layer and
the reaction layer can be absorbed by the substrate, and
the reaction layer can be photocured immediately after
the reaction layer is laid, and the process efficiency can
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be significantly improved without wasting the time for
evaporation or volatilization of the water.

[0012] The water-based ceramic three-dimensional
laminate material used in the method of the present in-
vention comprises: material powder, a photo-curable res-
in, a solvent and an additive, the material powder com-
prising at least one of aluminum oxide powder, zirconium
powder and glass ceramic powder, the photo-curable
resin comprises at least one of a water-soluble resin and
a water-dispersible resin, wherein the solvent is water or
a mixed solvent comprising water and alcohols, the ad-
ditive comprising at least one of a dispersing agent, a
binder and a plasticizer. In the case that the solvent is
water, an amount of the solvent is 10% or more by weight
of the laminate material. In the case that the solventis a
mixed solvent, an amount of the water is 50% or more
by weight of the mixed solvent. It can be seen that the
material used in the present invention is water-based,
the manufacturing process is safe and non-toxic, and
cleaning is convenient, and the slurry can be recycled
and reused.

[0013] In the water-based ceramic three-dimensional
laminate material preferably the material powder is 53 to
83 parts by weight, the dispersant is 0.5 to 3.5 parts by
weight, the plasticizer is 0.5 to 5 parts by weight, and the
binder is 2 to 7 parts by weight, the photo-curable resin
is 7 to 20 parts by weight, and the solvent is 10 to 28
parts by weight.

[0014] In the water-based ceramic three-dimensional
laminate material preferably the dispersant comprises at
least one of a polycarboxylate, a polymerammonium salt,
and a polymer sodium salt; the plasticizer comprises at
least one of polyethylene glycol and glycerin having a
molecular weight ranging from 150 to 450. Further, in the
water-based ceramic three-dimensional laminate mate-
rial preferably the binder comprises at least one of poly-
ethylene glycol, polyvinyl alcohol and polyethylene oxide
having a molecular weight ranging from 1,500 to 8,000.
[0015] Finally, preferably the slurry of the water-based
ceramic three-dimensional laminate material has a vis-
cosity smaller than 1 Pa-s (1000 cp) so that less bubbles
will remain in the slurry, and the bubbles can be removed
easily. The production efficiency is improved, the sacri-
ficial layer and reaction layer can be laid uniformly, and
the thickness of the reaction layer can be easily control-
led.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG.1 is a flow chart of a method for manufacturing
a ceramic object utilizing a three-dimensional lami-
nate manufacturing technique in accordance with an
embodiment of the present invention.

FIG. 2 is a schematic view showing slicing a three-
dimensional image of the object and photocuring in
accordance with an embodiment of the present in-
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vention.

FIG. 3A is a schematic view showing the laying of a
slurry to form a sacrificial layer in accordance with
an embodiment of the present invention.

FIG. 3B is a schematic view showing the laying of a
slurry to form a reaction layer in accordance with an
embodiment of the present invention.

FIG. 4A is a schematic view showing the irradiating
of the reaction layer with a light beam in accordance
with an embodiment of the present invention.

FIG. 4B is a schematic view showing laminating a
ceramic body in the sacrificial layer in accordance
with an embodiment of the invention.

FIG. 5 is a schematic view showing simultaneously
laminating a plurality of ceramic bodies in accord-
ance with another embodiment of the presentinven-
tion.

FIG. 6 is a schematic view showing that a ceramic
body and a recovery body are formed on a reaction
layer in accordance with still another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION (PRE-
FERRED EMBODIMENTS)

[0017] Before a method of manufacturing a ceramic
object using a water-based ceramic three-dimensional
laminate material of the presentinvention is described in
detail in the present embodiment, it is to be noted that in
the following description, similar elements will be denoted
by the same reference numerals. The drawings of the
present invention are merely for illustrative purpose and
are not necessarily drawn to scale, and all details are not
necessarily shown in the drawings.

[0018] Referring to FIG. 1 and FIG. 2, FIG. 1 is a flow
chart of a method for manufacturing a ceramic object
utilizing a water-based three-dimensional laminate man-
ufacturing technique in accordance with an embodiment
of the present invention, and FIG. 2 is a schematic view
showing slicing a three-dimensional image of the body
and photocuring in accordance with an embodiment of
the present invention. It should be noted that the ceramic
object is to be formed into a rabbit shape in the embod-
iment, but the shape or type of the invention is not limited
thereto. The ceramic object manufactured according to
the inventive method may be any type of object, such as
a ceramic denture, a jewelry accessory, or any other fine
object.

[0019] As shown in the figures, a plurality of projected
slice graphics P and a slurry are prepared in the step Sa.
Especially, as shownin FIG. 2, each of the projected slice
graphics P is a cross-sectional image obtained by cross-
cutting a three-dimensional image data R for a specific
ceramic object to be laminated in a horizontal direction
with a specific thickness. More specifically, the three-di-
mensional image data R for the ceramic object is sliced
by an image processing unit at a thickness t of a reaction
layer (see below), and hence the plurality of projected
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slice graphics P_1 to P_n are obtained layer by layer.
The plurality of projected slice graphics P_1 to P_n can
be used for laminating the ceramic object. The three-
dimensional image data R can be obtained by an optical
3D scanning system or by computer aided design (CAD).
[0020] It should be particularly noted that FIG. 2 illus-
trates irradiating a light beam on the slurry via a slice
graphic P to form a ceramic body layer 130, that is, a
layer constituting a part of the ceramic object. This em-
bodiment is provided for illustrative purpose. For the cur-
rent technology, a photo mask may not be required since
an optical machine PR (as shown in Fig. 4A and Fig. 4B)
is capable of projecting a patterned light spot. The details
will be described later.

[0021] A slurry is formed of material powder, a photo-
curable resin, a solvent, and an additive. The material
powder may be at least one of alumina powder, zirconia
powder, and glass ceramic powder, and the photo-cur-
able resin includes at least one of a water-soluble resin
and a water-dispersible resin. For the present embodi-
ment, the photo-curable resin is mainly composed of 30
to 55% by weight of acrylate monomers (Acylate Mono-
mers), 30 to 40% by weight of acrylate oligomers (Acylate
Oligomers), 1-4% by weight of photoinitiators, and 0 to
2% by weight of additive, in which the additives are op-
tional.

[0022] The solvent may be pure water or a mixed sol-
vent of water and alcohols selected from, for example,
at least one of ethanol (ET), isopropyl alcohol (IPA), pro-
panediol glycol (PG) and hexanediol (HG). Preferably,
the water is deionized water. For example, in the case
that the solvent is pure water, the amount of the solvent
is 10% or more by weight of the slurry. Alternatively, in
the case that the solvent is a mixed solvent including
water and alcohols, the amount of the mixed solvent is
10% or more by weight of the slurry, and the amount of
water is 50% or more by weight of the mixed solvent.
[0023] According to this embodiment, a mixed solvent
comprising water and ethanol is used, wherein ethanol
is used as a resin solubilizer to reduce the porosity. Ac-
cording to experiments, the porosity of the ceramic body
ranges from about 2% to about 10% if ethanol is not used
as a resin solubilizer. If ethanol is used as a resin solu-
bilizer, the porosity is greatly reduced to 2% or less. Eth-
anol has a good solubility as compared to other resin
solubilizers so that the less amount of ethanol may be
satisfying. Ethanol is relatively safe if the slurry comes
into contact with the skin. In addition, the use of a small
amount of ethanol can effectively reduce the surface ten-
sion of water, which can reduce cracks or coating defects
such as shrinkage cavities or depressions when stacking
nano-powder material.

[0024] The additive includes at least one of a disper-
sant, a binder, and a plasticizer. More specifically, the
dispersant comprises at least one of a polycarboxylate,
a polymer ammonium salt (such as ammonium polyacr-
ylate), and a polymer sodium salt (such as sodium poly-
acrylate). The dispersant functions to: (1) shorten the
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time necessary for the deagglomeration of the agglom-
erated material powder and shorten the dispersion time;
and (2) delay the re-agglomeration of the material powder
and keep the powder in a dispersed state for a long time.
[0025] In addition, the plasticizer comprises at least
one of polyethylene glycol (for example, PEG #200, PEG
#400) and glycerin (glycerol) having a molecular weight
ranging from 150 to 450, and the plasticizer is used for
reducing the glass transition temperature of the binder
to make the binder have better flexibility at normal tem-
perature. The binder comprises at least one of polyeth-
ylene glycol having amolecular weight ranging from 1500
to 8000 (for example, PEG #2000, PEG #4000, PEG
#6000), polyvinyl alcohol, and polyethylene oxide. The
binder provides functions to enhance the strength of the
ceramic body after drying, resist shearing forces during
blade coating and adjust viscosity to prevent particle set-
tling.

[0026] Preferably, with respect to 100 parts by weight
of the slurry, the material powder is 53 to 83 parts by
weight, the dispersant is 0.5 to 3.5 parts by weight, the
plasticizer is 0.5 to 5 parts by weight, the binderis 2to 7
parts by weight, and the photo-curable resin is 7 to 20
parts by weight, and the solvent is 10 to 28 parts by
weight. According to the above composition ratio, the vis-
cosity of the slurry is smaller than 1 Pa-s (1000 cp) and
has a better fluidity. Less bubbles would be generated
due to the low viscosity of the slurry, and the bubbles can
be easily removed. Therefore, productivity is improved.
[0027] Reference is made to FIG. 3A, which illustrates
laying a slurry according to an embodiment of the present
invention. In the step Sb in the flow chart shown in FIG.
1, the slurry is uniformly laid on a substrate 11 by means
of a feeding unit 2 to form a sacrificial layer 12. The feed-
ing unit 2 includes a V-shaped funnel-hopper 21, and the
bottom of the hopper 21 has a linear discharge port 22.
While the feeding unit 2 moves once along the substrate
11 in a direction orthogonal to a longitudinal direction of
the linear discharge port 22, the slurry in the hopper 21
is discharged from the linear discharge port 22 and di-
rectly laid on the substrate 11. In the present embodi-
ment, the feeding unit 2 further includes a scraper 23
which is disposed on one side of the linear discharge port
22. Thereby, when the slurry is discharged from the hop-
per 21 via the linear discharge port 22, the scraper 23
can simultaneously flatten the slurry so that the slurry is
uniformly formed as the sacrificial layer 12 in a rectan-
gular shape on the substrate 11.

[0028] The feeding unit 2 of the embodiment is con-
nected with a storage tank (not shown), and afluid control
valve (not shown) is disposed between the storage tank
and the feeding unit 2. The fluid control valve controls
the amount of slurry supplied to the feeding unit 2 each
time from the storage tank, which is exactly the amount
of slurry of the sacrificial layer 12 or the reaction layer 13
to be laid each time. Although the present embodiment
discloses that the sacrificial layer 12 is laid by a single
movement of the feeding unit 2, it is also known to those
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skilled in the art that a thicker sacrificial layer 12 can be
formed by moving the feed unit 2 twice or more as de-
sired.

[0029] According to the invention, the substrate 11
having high water absorbability is used, which is com-
posed of a material or structure having a water absorption
ratio of 5% or more, for example, a diatomaceous earth
or a ceramic plate having a porous structure. Therefore,
when the sacrificial layer 12 is laid and formed on the
substrate 11, the water in the sacrificial layer 12 can be
quickly absorbed, thereby greatly reducing time neces-
sary for evaporation of water from the sacrificial layer 12
and improving the productivity.

[0030] Reference is made to FIG. 3B, which illustrates
a schematic view of laying a slurry as a reaction layer 13
according to an embodiment of the present invention. In
the step Sc of the flow chart shown in FIG. 1, the slurry
is discharged from the linear discharge port 22 of the
feeding unit 2, so that the reaction layer 13 is formed by
uniformly laying on the sacrificial layer 12 by a single
movement of the feeding unit 2. Since the substrate 11
having a high water absorbability is used in the present
embodiment, when the reaction layer 13 is laid on the
substrate 11 located at the bottom layer in the step Sc,
the substrate 11 will immediately absorb excess water
or alcohols in the reaction layer 13, so that the reaction
layer 13 can be irradiated with a light beam in the step
Sd without any delay of time.

[0031] Inthe presentembodiment, due to use of a sol-
vent based on deionized water and a substrate 11 having
a high water absorbability, when the reaction layer 13 is
laid on the sacrificial layer 12 by the feeding unit 2, it can
be cured without waiting for volatilization of the solvent.
The time for manufacturing the ceramic object is greatly
shortened.

[0032] Reference is made to FIG. 4A, which illustrates
a schematic irradiating a light beam on a reaction layer
according to an embodiment of the invention. In the step
Sd of the flow chart shown in FIG. 1, the optical machine
PR capable of emitting a light beam 3, such as a visible
light or ultraviolet light, toward the reaction layer 13 is
disposed above the substrate 11. In particular, the light
beam 3 emitted from the optical machine PR partially
irradiates the reaction layer 13 by using the projected
slice graphic P as prepared in the step Sa, and hence
the reaction layer 13 is irradiated by the light beam 3 to
generate the cured zone 131, with an uncured zone 132
of the slurry in the reaction layer being not irradiated by
the light beam 3, the uncured zone 132 surrounding the
cured zone 131 and supporting the cured zone 131 due
to its semi-wet viscous state. As such, an additional sup-
port member is unnecessary.

[0033] After the cured zone 131 in the reaction layer
13 is exactly cured, in the step Se of the flow chart shown
in FIG. 1, the step Sc and the step Sd are repeated by
using the projected slice graphics P prepared in the step
Sa. A newly formed cured zone 131 in the newly formed
reaction layers 13 is stacked on the previously formed
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cured zone 131until a ceramic body 133 is formed, as
shown in FIG. 4B. It should be particularly noted that
since the optical machine PR is stationary, the substrate
11 should be lowered by a distance corresponding to the
thickness of the reaction layer for each time when the
reaction layer is formed.

[0034] Theslurry ofthe uncured zone 132 can be easily
dissolved by warm water or organic solvent of 25-50°C
slightly higher than room temperature in step Sf, so that
a precise appearance of the ceramic body 133 can be
obtained without refining a surface of the ceramic body
133. In this embodiment, the plasticizer has good hy-
drophilicity. Although the slurry is dehydrated after the
laminated layeris dried, the plasticizer is helpful for main-
taining the shape of the body. When the plasticizer is
soaking in water, it can dissolve (the water at 25-50°C
will accelerate the dissolution), as a result of which, the
uncured material will be disaggregated.

[0035] The water-based photo-curable resin used in
the presentembodiment will absorb water and hence ex-
pand by about 5% to 15% by volume. The expanded
uncured material will loosen the structure of the material.
It is also advantageous for cleaning the ceramic body
133 and finishing the production of the ceramic body 133.
The slurry which is dissolved by water or organic solvent
can be recycled and reused, and hence the cost can be
effectively reduced.

[0036] Reference is made to FIG. 5, which is a sche-
matic view of simultaneously forming a plurality of ce-
ramic bodies with a method according to another embod-
iment of the present invention. As shown in Fig. 5, the
embodiment is characterized in that a batch of ceramic
bodies are simultaneously manufactured. A plurality of
three-dimensional images of the ceramic objects to be
formed are arranged in the same projected slice graphic
P, the optical machine can simultaneously emit a plurality
of spots and generate a plurality of cured zones 131a,
131bonthereactionlayer 13, so that a plurality of ceramic
bodies which may have the same shape or different
shapes can be produced in batch by repeating the steps
Sc and Sd. The productivity is greatly increased.
[0037] Reference is made to FIG. 6, which is a sche-
matic view showing a ceramic body and a slurry recovery
body formed on a reaction layer with a method according
to still another embodiment of the present invention. In
this embodiment, the projected slice graphicincludes the
slice patterns corresponding to the three-dimensional im-
age of the ceramic object and further includes at least
one slurry recovery pattern. When the light beam passes
through a projected slice graphic and irradiates on a cor-
responding reaction layer 13, a cured zone 131 in the
reaction layer 13 is formed, which includes the cured
zone 1311 of the ceramic body and the cured zones 1312
of the recovery body formed around the cured zone 1311
of the ceramic body. In this manner, time necessary for
the step Sf can be shortened, separation of the slurry of
the uncured zone 132 by using water or organic solvent
is improved, and the recovery body of the cured zone
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1312 of the cured recovery body can be directly recycled,
and then be grounded as powder for reuse.

[0038] In the step Sg of the embodiment, the ceramic
body 133 formed in the ceramic body cured zone 1311
is sintered at a high temperature. Specifically, the ceram-
ic is sintered at a high temperature of 1100°C to 1700°C
(generally, the sintering temperature for glass ceramic
ranges from about 1100°C to about 1300°C, the sintering
temperature for zirconium oxide ranges from 1300°C to
1600°C, and the sintering temperature for aluminum ox-
ide 1300°C - 1700°C). A smooth and flat surface of the
ceramic object is formed, and the procedure for removing
support members and refining appearance is not neces-
sary.

[0039] In summary, the present invention has at least
the following advantages:

(1) The three-dimensional laminate technique is
used to prepare a ceramic object, so that the contour
and shape of the ceramic object are not limited, and
a relatively fine shape or surface appearance can be
made.

(2) The sacrificial layer itself is capable of serving as
a support member, that is, the ceramic object can
be directly formed without additional support mem-
bers, and the procedure for removing support mem-
bers and deburring can be omitted.

(3) The ceramic object is formed by using the slice
graphic, so that in the same process, a plurality of
ceramic objects which may have the same shape or
different shapes can be simultaneously produced.
(4) Both of the sacrificial layer and the slurry recovery
body can be recycled and the slurry contained there-
in can be reused. It is not only environment friendly
but also capable of reducing the cost of material.
(5) With the aid of the water absorption characteris-
tics of the substrate, the slurry can be subjected to
a curing process immediately after the slurry is laid.
Time necessary for forming the ceramic body is
greatly shortened.

(6) With the aid of a water-based material, water
serving as solvent or main solvent and a water-sol-
uble photo-curable resin, which are safe, non-toxic,
and can be early clean can be used.

[0040] It should be understood that the embodiments
and the accompanying drawings have been described
for illustrative purposes and the present invention is lim-
ited by the following claims. Further, those skilled in the
art will appreciate that various modifications, additions
and substitutions are allowed without departing from the
scope of the invention as long as they fall within the scope
of the accompanying claims.

LIST OF REFERENCE NUMBERALS

[0041]
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P projected slice graphic
P_1to P_n projected slice graphics
PR optical machine

R three-dimensional image data
2 feeding unit

3 light beam

11 substrate

12 sacrificial layer

13 reaction layer

21 hopper

22 linear discharge port
23 scraper

130 ceramic body layer

131 cured zone

131a cured zone

131b cured zone

1311 cured zone

1312 cured zone

132 uncured zone

132 uncured zone

133 ceramic body

Claims

1. A method of manufacturing a ceramic object using

a water-based ceramic three-dimensional laminate
material, comprising:

a step (Sa) of preparing a plurality of projected
slice graphics (P) and a slurry, wherein the pro-
jected slice graphics are generated by slicing a
three-dimensional image along a specific direc-
tion with a specific thickness; the slurry is pre-
pared by mixing material powder, photo-curable
resin, solvent and additive; the photo-curable
resin comprising at least one of a water-soluble
resin and a water-dispersible resin; the solvent
is water or a mixed solvent comprising water and
alcohols, and the additive includes at least one
ofadispersing agent, a binder, and a plasticizer;
a step (Sb) of uniformly laying the slurry on a
substrate (11) to form a sacrificial layer (12);

a step (Sc) of uniformly laying the slurry on the
sacrificial layer (12) to form a reaction layer (13);
a step (Sd) of irradiating a light beam to the re-
action layer (13) by using one of the plurality of
projected slice graphics (P), wherein the slurry
in the reaction layer (13) irradiated by the light
beam is cured and solidified, wherein the light
beam emitted from a light source (3) is a visible
light or an ultraviolet light, and the light source
(3) is provided above the substrate (11);

a step (Se) of repeating the steps (Sc) and (Sd)
until a ceramic body (133) is formed;

a step (Sf) of cleaning the ceramic body (133);
and

a step (Sg) of sintering the ceramic body (133)
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at a high temperature to form a ceramic object,
characterized in that

the material powder for preparing the slurry com-
prises at least one of aluminum oxide powder,
zirconium oxide powder, and glass ceramic
powder and

the substrate (11) is composed of a material or
structure having a water absorption rate of 5%
or more.

The method of claim 1, wherein each of the projected
slice graphics (P) includes a slice pattern of the three-
dimensional image of the object and at least one
slurry recovery pattern; the ceramic body composed
of the slice patterns and a recovery body composed
of the slurry recovery patterns are formed in Step
(Se); and the recovery body are recycled in the step
(Sf).

The method of claim 1, wherein in the step (Sf), the
ceramic body (133) is cleaned with water or an or-
ganic solvent at a temperature of 25 to 50 °C.

Patentanspriiche

1.

Verfahren zur Herstellung eines Keramikgegen-
stands unter Verwendung eines dreidimensionalen
wasserbasierten keramischen Laminatmaterials,
umfassend:

einen Schritt (Sa) zum Vorbereiten einer Viel-
zahl von projizierten Scheibengrafiken (P) und
eines Schlickers, wobei die projizierten Schei-
bengrafiken durch Schneiden eines dreidimen-
sionalen Bildes in Scheiben entlang einer spe-
zifischen Richtung mit einer spezifischen Dicke
erzeugt werden; wobei der Schlicker durch Mi-
schen von Materialpulver, lichthartbarem Harz,
Lésungsmittel und Zusatzstoff vorbereitet wird;
wobei das lichthartbare Harz mindestens eines
von einem wasserléslichen Harz und/oder ei-
nem wasserdispergierbaren Harz umfasst; wo-
bei das Lésungsmittel Wasser oder ein ge-
mischtes Losungsmittel ist, das Wasser und Al-
kohole umfasst, und der Zusatzstoff mindestens
eines von einem Dispergiermittel, einem Binde-
mittel und/oder einem Weichmacher umfasst;
einen Schritt (Sb) des gleichférmigen Legens
des Schlickers auf ein Substrat (11), sodass ei-
ne Opferschicht (12) gebildet wird;

einen Schritt (Sc) des gleichférmigen Legens
des Schlickers aufdie Opferschicht (12), sodass
eine Reaktionsschicht (13) gebildet wird;

einen Schritt (Sd) des Ausstrahlens eines Licht-
strahls auf die Reaktionsschicht (13) unter Ver-
wendung einer der Vielzahl von projizierten
Scheibengrafiken (P), wobeider Schlicker in der
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von dem Lichtstrahl bestrahlten Reaktions-
schicht (13) gehartet und verfestigt wird, wobei
der von einer Lichtquelle (3) emittierte Licht-
strahl ein sichtbares Licht oder ein ultraviolettes
Licht ist und die Lichtquelle (3) Giber dem Sub-
strat (11) bereitgestellt ist;

einen Schritt (Se) des Wiederholens der Schritte
(Sc) und (Sd), bis ein Keramikkorper (133) ge-
bildet ist;

einen Schritt (Sf) des Reinigens des Keramik-
korpers (133); und

einen Schritt (Sg) des Sinterns des Keramikkor-
pers (133) bei einer hohen Temperatur zum Bil-
den eines Keramikobjekts, dadurch gekenn-
zeichnet, dass:

das Materialpulver zum Vorbereiten des
Schlickers mindestens eines von einem
Aluminiumoxidpulver, Zirconiumoxidpulver
und/oder Glaskeramikpulver umfasst und

das Substrat (11) aus einem Material oder
einer Struktur besteht, die eine Wasserab-
sorptionsrate von 5 % oder héher aufweist.

Verfahren nach Anspruch 1, wobei jede der projizier-
ten Scheibengrafiken (P) eine Scheibenstruktur des
dreidimensionalen Bildes des Gegenstands und
mindestens eine Schlickerriickgewinnungsstruktur
umfasst; wobei der Keramikkorper, der aus den
Scheibenstrukturen besteht, und ein Rickgewin-
nungskorper, der aus den Schlickerriickgewin-
nungsstrukturen besteht, im Schritt (Se) gebildet
werden; und der Rickgewinnungskorper im Schritt
(Sf) wiederverwendet wird.

Verfahren nach Anspruch 1, wobei im Schritt (Sf) der
Keramikkérper (133) mit Wasser oder einem orga-
nischen Lésungsmittel bei einer Temperatur von 25
bis 50 °C gereinigt wird.

Revendications

Procédé de fabrication d’'un objet en céramique a
l'aide d’'un matériau stratifié céramique en trois di-
mensions a base d’eau, comportant :

une étape (Sa) de préparation d’une pluralité de
graphiques de tranches projetées (P) et d’'une
bouillie, dans lequel les graphiques de tranches
projetées sont générés par découpage en tran-
ches d'une image en trois dimensions le long
d’'une direction spécifique avec une épaisseur
spécifique ; la bouillie est préparée par mélange
d’'une poudre de matériau, d’'une résine photo-
durcissable, d’'un solvant et d’'un additif ; la rési-
ne photodurcissable comportant au moins une
résine parmi une résine hydrosoluble et une ré-
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sine dispersable dans I'eau ; le solvant est de
I’eau ou un solvant mélangé comportantde I'eau
et des alcools et I'additif inclut au moins un élé-
ment parmi un agent dispersant, un liant et un
plastifiant ;

une étape (Sb) de pose uniforme de la bouillie
sur un substrat (11) pour former une couche sa-
crificielle (12) ;

une étape (Sc) de pose uniforme de la bouillie
sur la couche sacrificielle (12) pour former une
couche de réaction (13) ;

une étape (Sd) d’irradiation d’un faisceau lumi-
neux sur la couche de réaction (13) a l'aide d’'un
graphique de la pluralité de graphiques de tran-
ches projetées (P), dans lequel la bouillie dans
la couche de réaction (13) irradiée par le fais-
ceau lumineux est durcie et solidifiée, dans le-
quel le faisceau lumineux émis a partir d’'une
source de lumiére (3) est une lumiére visible ou
une lumiére ultraviolette et la source de lumiere
(3) est prévue au-dessus du substrat (11) ;
une étape (Se) de répétition des étapes (Sc) et
(Sd) jusqu’a ce qu’un corps en céramique (133)
soit formé ;

une étape (Sf) de nettoyage du corps en céra-
mique (133) ; et

une étape (Sg) de frittage du corps en cérami-
que (133) a haute température pour former un
objet en céramique, caractérisé en ce que

la poudre de matériau pour préparer la bouillie
comporte au moins une poudre parmi une pou-
dre d’oxyde d’aluminium, une poudre d’oxyde
de zirconium et une poudre de verre céramique
et

le substrat (11) est composé d’'un matériau ou
d’une structure ayant un taux d’absorption d’eau
de 5 % ou plus.

Procédé selon la revendication 1, dans lequel cha-
cun des graphiques de tranches projetées (P) inclut
un motif de tranches de I'image en trois dimensions
de l'objet et au moins un motif de récupération de
bouillie ; le corps en céramique composé des motifs
de tranches et un corps de récupération composé
des motifs de récupération de bouillies sont formés
al'étape (Se) ; etle corps de récupération estrecyclé
a I'étape (Sf).

Procédé selon la revendication 1, dans lequel, a
I’étape (Sf), le corps en céramique (133) est nettoyé
avec de I'eau ou un solvant organique a une tempé-
rature de 25 °C a 50 °C.
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